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ABSTRACT 

Unlike scalar interferometry, polarimetric interferometry 
provides the field cross correlation using various 
polarization responses. The main  purpose  of 
implementing polarimetric interferometry is to extract 
scattering medium  information that may  be difficult to 
obtain from scalar interferometry. Even  though the 
formulation and initial demonstrations  appear to be  very 
promising, potential applications of polarimetric 
interferometry can only  be verified by comparing 
polarimetric interferometry signatures with  ground truth 
data. In order to accomplish this, the NASNJPL 
TOPSAR  system  was  modified to collect polarimetric 
interferometry data at C-band.  During the 1998 
deployment, several data sets were collected in the single 
pass polarimetric interferometry mode. In this paper, we 
discuss important issues related to Polarimetric 
interferometry calibration. In addition, we briefly discuss 
the polarimetric interferometric signature using the 
TOPSAR data. 

INTRODUCTION 

S. R. Cloude and K. P. Papathanassiou first published the 
formulation of polarimetric interferometry [ I ]  that can be 
mathematically  expressed as the cross correlation of  two 
polarimetric radar measurements as 

whcre the superscript symbol + denotes the transpose 
complex  conjugate operator. Two antennas  are separated 
in the cross track direction. The scattering vector s i n  
the linear polarization basis is  given by 

’hh - s =  s,  

for the backscattering  case  where S ,  = sVh.  The 
diagonal  terms are usual polarimetric SAR  images and 
the off-diagonal terms  provide the interferometric 
correlation relationshp for various polarization 
responses. 

IMPLEMENTATION AND CALIBRATION 

In order to implement polarimetric interferometry at  C- 
band,  we  combined the “ping-pong”  TOPSAR and SAR 
polarimetry. That is, we modified the NASNJPL 
AIRSAR  system to collect the polarimetric data for both 
top and bottom antennas  in the “ping-pong” sequence. 
Notice that the polarimetric interferometry pulse 
repetition frequency  (PRF)  is  twice as high as the PRF  of 
the usual polarimetric SAR. Therefore, the data-limited 
swath is only half of the usual swath. In the future, the 
four  bit  BFPQ  (Block  Floating  Point  Quantization)  must 
be implemented to collect the’data over the entire swath. 

In order  to derive the calibration technique, we consider 
three basic interferometric equations in the (s,c,h) 
coordinate. The definition of the coordinate is  given by 

s : unit vector parallel to projection of  velocity vector into 
plane  tangent to earth surface 
c : unit vector in cross track direction making  a right 
handed  coordinate  system 
h : unit vector parallel to outward  pointing  normal  to 
earth surface 
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Thrce scalar componcnts ( n, , n c  , and nh ) of the unit 

look vector  satisfy equation ( 3 ) ,  (4), and (5). Here, the 
unit vector is defined for each polarimetric 
interfcrornetric pair. 

n, +n, +nh = 1 2 2 2  
(3) 

f &  ns = - 
2v 

where fOc is the Doppler centroid frequency, the vector 

B is  the interferometric baseline, and  the interferometric 
phase is denoted by 4 .  If all interferometric polarimetric 
data are processed using the same Doppler centroid, 
equation (5) is  the only relevant equation for the 
calibration process. We propose the polarimetric 
interferometry calibration in two steps: the relative 
calibration between Merent polarization pairs and the 
usual interferometric calibration. Since the polarimetric 
interferometry signature can be relatively minute, it is 
necessary to perform the relative calibration precisely. 
Then, the usual interferometric calibration can be applied 
to one polarization data and subsequently all polarization 
combinations will be calibrated. 

To illustrate our calibration method, we use three 
interferograms in  the linear polarization basis: $hh, 4w 
and 4,,,, . The differential interferograms shown in 
equations (6), (7) and (8) have  necessary information for 
relative polarization calibration. Mathematically, 

1L.I is the multi-path phase, and n rcpresents the thermal 
noise difference. If we average A in the along track 
direction for the flat calibration site, the scattering related 
phase difference S and the radar noise  term n will  be 
significantly reduced. That is, (">, = (n)>, = 0.  

The resulting azimuth averaged phases are shown in Fig. 
1 and Fig. 2. In Fig. 1 ,  the HH and W phase difference 
includes the constant differential phase, the baseline 
difference phase, and the multi-path phase. Especially, 
the phase variation in the range direction is due to the 
baseline difference and  the multi-path effect. 

P h a s e   B i a s   ( H H - V V )  

Fig. 1. Phase bias calculated by averaging the 
interferogram difference (HH-VV) in the azimuth 
direction. 

Due  to the reciprocity relation, the baseline difference 
phase and the multi-path effect disappear in the HV and 
VH interferogram difference as shown in Fig. 2. 

I P h a s e   B l a s  (HV-VH) I 

I I 

Fig. 2. Phase bias calculated by averaging the 
interferogram difference (HH-VV) in the azimuth 
direction. 

where C is  the constant phase (radar channel differential 
phase), p is the phase  due to baseline vector  difference, 
S is the phase due to the different scattering mechanism, 



POLARIMETRIC INTERFEROMETRIC 
SIGNATURE 

Rcccntly, several successful  demonstrations  of estimating 
the tree height by using the amount of decorrelation were 
reported [2,3]. However, the esact relationship depends 
on the tree scattering structure. It  is  well  known that the 
co-polarized phase difference can be  used for 
classification since it comes  from the scattering center 
displacement;  however, for the forest area, the co- 
polarized phase  appears  to  be  random since the phase 
center displacement  may be larger  than the wavelength. 
This problem can be remedied  if polarimetric 
interferometry is implemented and the interferometric 
phase difference is above the phase noise level. That is, 
polarimetric interferometry unwraps the polarimetric 
phase difference for the forest area.  In order to show the 
feasibility of  using  various applications such as 
classification and the tree height estimation, we studied 
the polarimetric interferometric data collected by the 
NASAIPL AIRSAR.  As  shown in  Fig. 3, the 
polarization dependence interferometric phase  can  be 
observed. This phase  information is related to the phase 
center location. With the associated correlation 
amplitude, one may be able to characterize the scattering 
medium. 

Interferometric Phase Difference 

Fig. 3.  Difference in observed interferometric phase 
measured at C-band  by  using the NASAIJFL  AIRSAR 
system. The dashed line represents the difference using 
the HH and W combinations (HH-VV), and the solid 
line represents the difference when  using the W and HV 
polarization combinations (W-HV).  The phase 
difference of 10 degrees  is  approximately 2 meters in the 
height difference. 

CONCLUSIONS 

with the radar polarization. In order to  verify the 
usefulness of polarimetric interferometry, it is  necessary 
to  understand the associated scattering signatures by 
comparing  them  with the ground truth. 
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The  NASNJPL AIRSAR  system  was  upgraded  to  collect 
polarimetric interferometric data.  The preliminary 
analysis showed that the interferometric signature varies 


